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MBE GROWTH METHOD FOR HIGH LEVEL 
DEVICES AND INTEGRATIONS 

BACKGROUND 

1. Field of the Invention 
The present invention relates to methods for use in 

fabricating higher-level semiconductor devices with 
molecular beam epitaxial (MBE) growth. More particu 
larly, this invention pertains to such a method that pro 
vides processed wafers of enhanced surface morphol~ 
ogy. 

2. Description of the Prior Art , 
The fabrication of higher level integrated circuits 

involves the selective growth of distinct epitaxial layers 
on a common substrate. This is due to the fact that 
different band gap materials and device structures may 
be called for and distinct active epitaxial regions re 
quired when forming, for example, both an PET and a 
photodetector on a single wafer. It follows that the 
manufacture of higher level devices requires careful 
attention to the arrangement and growth of such multi 
ple distinct regions that share extremely small common 
substrate bases. This is particularly apparent in the very 
high frequency device range (microwave, millimeter 
wave and optoelectronic) where high operating fre 
quencies dictate extremely small sizes. Thus precise 
control of surface morphology, epitaxial layer size, 
de?nition and separation are critical. 
Compounds of materials from the third (three va 

lence electrons in outer shell) and ?fth (?ve valence 
electrons in outer shell) columns of the periodic table 
are often employed as building blocks of high frequency 
devices. Such materials, known as “III-V compounds” 
are characterized by high electron mobilities (and, thus, 
very high frequency operation) and direct band gaps 
that make them appropriate for optoelectronic applica 
tions such as laser diodes and photodetectors. Indium, 
aluminum and Gallium are useful column III materials 
while antimony, phosphorous and arsenic are column V 
elements that are frequently composed and employed in 
electronically useful III-V compounds. 
The fabrication of III-V compound-based higher 

level devices generally involves the formation of an 
initial active layer through MBE growth or ion implan 
tation on the III-V compound substrate. The initial 
active layer is selectively masked by a dielectric layer 
and exposed portions thereof are then removed by 
means of a wet chemical etch. A second epitaxial layer 
is then grown upon the common wafer substrate by an 
MBE growth process. During this latter process, a 
residual polycrystalline layer composed of material of 
the laterformed epitaxial layer is deposited atop remain 
ing portions of the dielectric mask. 
The surface morphology of the residual polycrystal 

line material is generally rough, requiring its removal 
prior to formation of overlying interconnects. Further 
more, the roughness of such material limits the ability to 
produce very small feature sizes. Accordingly, selective 
MBE growth processes require removal of the residual 
layer of polycrystalline material, a dif?cult, time con 
suming and costly step. 

SUMMARY OF THE INVENTION 

The present invention addresses the foregoing and 
other shortcomings of the prior art by providing a 
method for forming at least one epitaxial region on a 
semiconductor wafer substrate comprising a single 
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2 
crystal III-V compound. Such method is begun by de 
positing a dielectric mask on the wafer. A seed layer 
that includes indium is then deposited over the dielec 
tric mask and an epitaxial layer of III-V material is then 
grown over the wafer. 
The foregoing and other features of this invention 

will become further apparent from the detailed descrip 
tion that follows. The written description is accompa 
nied by a set of drawing ?gures. Numerals of the draw 
ing ?gures, corresponding to those of the written de 
scription, point to the features of the invention. Like 
numerals refer to like features throughout both the 
written description and the drawing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 5 are a series of crosssectional views 
for illustrating the selective growth method of the in 
vention. 

DETAILED DESCRIPTION 

The selective epitaxial growth method of the present 
invention is illustrated in FIGS. 1 through 5 and the 
accompanying written description in a process for 
forming a plurality of epitaxial regions on a common 
semiconductor wafer substrate 10. The invention pro 
vides a signi?cant improvement in such a process by 
eliminating dif?cult and costly steps required by the like 
prior art processes involving removal of residual poly 
crystalline material from the top of a dielectric mask. In 
the invention, the surface morphology of the residual 
layer is improved to such an extent that device intercon 
nects may be formed directly thereover, thereby elimi 
nating the costly material removal processes dictated by 
the relatively rough surface texture found to result in 
the prior art. 

Referring ?rst to FIG. 1, the process is begun by 
formation of a first or initial active layer 12 on a sub 
strate 10 of a single crystal III-V compound such as 
GaAs or InP. The active layer 12 may be formed by one 
of a number of conventional processes including, for 
example, ion implantation, metal organic chemical 
vapor deposition (“MOCVD”) or MBE growth. While 
the method of the invention is illustrated in application 
to the signi?cant task of higher level device formation 
requiring the fabrication of multiple active epitaxial 
regions on a common substrate, it will be appreciated 
that the advantages of the invention may also be real 
ized other processes such as the growth of a, single 
active region on a III-V compound wafer. Additionally, 
the initial “active” layer 12 need not be doped. For 
example, the layer 12 might comprise an undoped hete 
rostructure employed as a buffer layer. 

Returning to the illustrated embodiment, the initial 
active layer 12 as formed has a predetermined epitaxial 
structure as required for use in a speci?ed electronic or 
optoelectronic device. In the event that the wafer 10 
should comprise single crystal GaAs, the layer 12 might 
comprise GaAs or a heterostructure of a ternary com 
position such as AlGaAs, InGaAs or InAlAs. Should an 
InP wafer 10 be employed, the layer 12 would properly 
comprise InGaAs or lnAlAs. As mentioned earlier, the 
layer 12 is not essential to the method of the invention 
and, if utilized, may be either a doped or an undoped 
structure. 

After formation of the layer 12, a dielectric layer 14 is 
deposited thereover. The dielectric layer 14 may com 
prise Si01 or Si3N4 and is preferably formed to between 
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100 and 10,000 Angstroms in thickness by a conven 
tional process such as sputter deposition or plasma en 
hanced chemical vapor deposition (“PECVD”). 
The dielectric layer 14 is etched to create a predeter 

mined masking pattern. The mask is preferably formed 
by a reactive ion etching (“RIE”) process to expose 
portions of the initial layer 12 for subsequent removal 
with a wet chemical etch. The structure resulting from 
the described steps and shown in FIG. 3 is recognized in 
the art as a mesa/trench formation. 
FIG. 4 illustrates the structure of the wafer after 

formation of a seed or interfacial layer 16. The layer 16 
consist of a llI-V composition that includes indium, 
such as InGaAs or lnAlAs, and preferably has a thick 
ness of between 20 and 2000 Angstroms. The Indium 
based composition is grown in a temperature range 
between 300 and 500 degrees C. As it will be discussed 
below, the layer 16 interacts with the residue of a subse 
quent step to enhance the surface morphology and line 
de?nition of the residual polycrystalline material that 
will be formed over the dielectric mask 14. 
The completed selective growth process of the inven 

tion is shown in FIG. 5. As illustrated, a second epitax 
ial layer 18, for example GaAs, AlGaAs, InGaAs or 
lnAlAs, is formed over the seed layer 16 to produce a 
second epitaxial layer 18 above the substrate 10. Resid 
ual polycrystalline material 18’ of identical composition 
to the material of the layer 18 is deposited atop the 
dielectric mask 14 during the MBE growth. As men 
tioned earlier, the epitaxial layer 18 provides an active 
region of a second, predetermined band gap for a sec 
ond device that will be formed upon the common wafer 
10. Again, the method of the invention is not limited in 
application to the formation of higher level devices. 
Rather, this useful application has been employed to 
illustrate a particularly useful adaptation thereof. 
The wafer as shown in FIG. 5 is now ready for subse 

quent processing to form a functioning semiconductor 
circuit. Essential steps such as ion implantation, photo 
resist patterning, Schottky barrier formation and the 
deposition of ohmic contact metals may now take place 
without intervening wafer processing (e.g. removal of 
residual material). As mentioned earlier, prior art pro 
cesses require removal of the residual polycrystalline 
layer 18' along with the underlying mask 14 due to the 
surface roughness of the layer 18’. Such roughness did 
not permit the layer 18’ to form a portion of the surface 
of the ?nished wafer in prior art processing. The addi 
tional steps required to remove the layer 18' involve 
time-consuming fabrication processes including remask 
ing and etching. Furthermore, removal of the residual 
polycrystalline layer 18' exposes the underlying dielec 
tric layer 14 whose removal may also then be necessi 
tated in consideration of the type of device or circuit 
being formed. For example, the formation of transmis 
sion lines or other incompatible structures will require 
the removal of the undesirable oxide or nitride layer 14. 
Thus additional etching steps may follow those involv 
ing removal of the polycrystalline layer 18'. The time 
and effort consumed by such removal processes reduces 
yield and can signi?cantly impact cost. 
The inventor has found that, by employing a seed 

layer that contains indium, the resultant surface mor 
phology of the residual polycrystalline material 18' is 
significantly enhanced. In practice, a reduction in the 
grain size of the polycrystalline material from the range 
of 0.5 to a few microns to less than 0.1 micron has been 
achieved. The resultant surface structure is enhanced to 
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4 
such a degree that direct placement of surface intercon 
nections atop the material 18' is now possible. As a 
result, time-consuming and costly additional processing 
steps required in the prior art are avoided. Further, as a 
result of the smaller grain size of the polycrystalline 
material, it is possible to pattern extremely small areas 
and to provide very small openings that could not be 
achieved with the relatively-large grain size of the poly 
crystalline material generated by the prior art process. 
This, of course, is a particularly helpful feature in the 
fabrication of very high frequency devices. 
A brief explanation of the mechanism and physical 

forces that contribute to the advantages and operation 
of the invention follows. While this explanation is be 
lieve to be complete and correct, neither the operation 
nor the resulting advantages of the invention are depen 
dent upon the correctness and/or completeness of the 
analysis. , 

The seed layer 16, preferably containing an indium 
content of five (5) percent or more is believed to “domi 
nate” the overlying structures and act in general as a 
wetting agent to “smooth out” nucleation sites for fur 
ther MBE layer growth. The resultant distribution of 
nucleation sites reduces the surface atom migration that 
is known to result in an observed tendency of the atoms 
deposited thereover to segregate. The indium is a some 
what “sticky” material (i.e. the indium atoms possess a 
relatively low surface migration rate) when evaporated 
directly upon a surface, resulting in random generation 
and stability of uniform surface nucleation sites. 
The reduction in surface atom migration is signi? 

cant. The attraction between Gallium atoms, for exam 
ple, will cause them to seek low energy sites. As a re 
sult, large growth islands are formed when the layer 18' 
is deposited directly upon the dielectric layer 14. This 
results in large grain sizes for the polycrystalline mate 
rial. The surface chemistry of the deposited indium, 
however, reduces the migration of deposited surface 
atoms as the indium dominates the overlying material to 
produce a highly desirable, relatively smooth morphol 
ogy that reflects the reduced grain size. 

Thus, it can be seen, that the present invention pro 
vides an improved method for selective growth of ma 
terial in a III-V compound system. As a result, and as 
shown in the illustrated example, the method of the 
invention permits the formation of higher level devices 
without necessitating the costly and time-consuming 
removal of layers of residual polycrystalline material 
and underlying dielectric mask prior to further device 
processing. Higher yields permit economies of scale 
that are eventually reflected in lower unit costs of com 
pleted devices. Furthermore, the small grain size of the 
polycrystalline material permits the patterning of very 
small areas, an especially helpful feature in the manufac 
ture of very high frequency devices. 
While this invention has been described with refer 

ence to its presently preferred embodiment it is not 
limited thereto. Rather, this invention is limited only 
insofar as defined by the following set of patent claims 
and includes within its scope all equivalents thereof. 
What is claimed: 
1. A method for forming at least one epitaxial region 

of ternary III-V composition on a semiconductor wafer 
substrate comprising a single crystal III-VII compound 
comprising the steps of: 

a) depositing a dielectric mask on said wafer; then 
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b) depositing a seed layer comprising a ternary III-V 
composition including indium over said dielectric 
mask; and then 

c) growing an epitaxial layer of III-V material over 
said wafer. 

2. A method as de?ned in claim 1 wherein said epitax 
ial layer is grown by an MBE growth process. 

3. A method as de?ned in claim 2 wherein said seed 
layer comprises at least ?ve percent indium. 

4. A method as de?ned in claim 3 wherein the thick 
ness of said seed layer is between 20 and 2000 Aug 
stroms. - 

5. A method as de?ned in claim 4 further including 
the step of depositing an initial epitaxial layer of III-V 
material on said wafer prior to the step of depositing 
said dielectric mask. 
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6 
6. A method as de?ned in claim 13 wherein the step of 

depositing said seed layer further includes the step of 
growing said layer by an MBE process. 

7. A method as de?ned in claim 1 wherein said seed 
layer is InGaAs. 

8. A method as de?ned in claim 1 wherein said seed 
layer is InAlAs. 

9. A method for forming at least one epitaxial region 
on a semiconductor wafer substrate comprising a single 
crystal III-V compound comprising the steps of: 

a) depositing an initial epitaxial layer of III-V mate 
rial on said wafer; then 

b) depositing a dielectric mask; then 
0) depositing a 20 to 2000 Angstrom thick seed layer 

including at least ?ve percent indium over said 
dielectric mask; and then 

d) growing an epitaxial layer of III-V material there 
over. 
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